This work, gamma-ray shielding properties of the lutetium lithium borate glasses in the system Lu 2 O 3 -Li 2 O -B 2 O 3 have been evaluated as a shielding material at 662 keV photon energy. While the experimental mass attenuation coefficients (µ m ) have been determined by using the narrow beam transmission method, the theoretical data were calculated using WinXCom program. The good agreements between experimental and theoretical values have been obtained. Both experimental and computational mass attenuation coefficients data were used to obtain the effective atomic number (Z eff ), and the effective electron density (N el ). Based on the obtained data, the Lu-based glasses have good shielding properties, the improved glasses could be used as gamma-rays shielding material.
Introduction
Up-to-now the development of science and technology is indispensable in the modernizing world, especially the development of nuclear technology. Among ionizing radiations is extensively used in several fields such as nuclear power, radiotherapy, nuclear research, space research, medical, industrial and agriculture [1] [2] . The utilization of radiation can cause hazardous radiation effects to human in daily life. To ensure the safety regulation for protection people and workers from that radiation in daily life, maintaining control of the gamma radiation intensity is of great importance [1, 3] . The suitable shielding material required usually depends on the type of radiation, intensity and energy of radiation source, as well as the shielding properties [4] [5] . An effective shielding material may decrease radiation energy in a small depth of penetration without emitting more dangerous radiation.
The basic understanding about the interaction of X-ray and gamma-ray with a medium is of significant because when photon travels through the material may decrease in its energy. The effective atomic number, effective electron density and half value layer are the significant parameters for explaining X-ray and gamma-ray interactions [6] [7] [8] , in the designs of radiation shielding or in evaluations of absorbed dose.
A number of experimental and theoretical researches have been performed on radiation shielding, which has large different application areas with different materials [1] [2] [3] [4] [5] [6] [7] [8] . The most conventional material used for purpose of radiation is concrete, due to it is not relatively expensive and easy to fabricate in many sizes and shapes [9] . However, the prolong expose to radiation can cause the cracks and heating in concrete. Another disadvantage of concrete is opaque, hence the worker cannot see through. The exploring for new radiation shielding materials draw a fascinating attention for researchers because they should be cost effective and environmental-friendly [10] . The glass material is compromising candidate due to it is transparent to visible light while absorbing the radiations like gamma-ray and neutron, on the other hand, have high flexibility of composition and ease of fabrication [8] [9] . Lutetium-based materials received much attention for its potential application in especially, scintillator materials for gamma-ray detections [11] [12] . Most of attempts are focused only on growth of Lu 2 O 3 in crystalline structure and ceramic, there is no reports on lutetium in any glass system for the shields purpose.
The present work has been undertaken to fabricate the lutetium-based glasses using conventional melt quenching technique. The mass attenuation coefficient, the effective atomic numbers and the effective electron density for experimental and theoretical values have been evaluated for different compositions of lutetium oxide at 662 keV photon energy.
Theoretical and Computation Background
When a collimated beam of monoenergetic gamma-rays with an initial intensity I 0 travels through any materials with thickness t, the beam intensity will be attenuated according to the Lambert-Beer Law: Where I and I 0 represent the unattenuated and attenuated photon intensities respectively, ρ is the density of material, and µ is the linear attenuation coefficient (cm -1 ). The µ/ρ is density-independent mass attenuation coefficient denoted by µ m (cm 2 /g). For any compound or mixture, the mass attenuation coefficient is given by Ref. [13] :
Where w i and (µ m ) i are the fractional by weight and the mass attenuation coefficient for the individual constituent in compound or mixture. The theoretical values for the mass attenuation coefficient (µ m ) and (µ m ) i have been tabulated from chemical compositions with the aid of WinXCom software [13] [14] .
The effective atomic number (Z eff ) of any composite materials describes the shielding property in terms of equivalent elements, which is varies with photon energy. The obtained values of µ m were used to calculate Z eff according to the following equation [15] :
Where σ t,a and σ t , el are the total atomic cross-section and total electronic cross-section, respectively. The details of the calculation for both parameters are given below [15] :
Where N A is the Avogadro's number and A i is the atomic weight of ith constituent element. The f i denotes the number of atoms for individual element relative to the total number of atoms for all elements in material and Z i is the atomic number of ith constituent element. The electron density (N el ) represents the numbers of electrons per unit mass, can be expressed by [15] :
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The parameter that defined as the thickness of radiation shielding materials required to reduce the incident gamma-ray intensity to its half denoted by HVL (half value layer), can be calculated from the linear attenuation coefficient µ = 0.693 HVL (7) Experimental Details Sample Preparation. A series of lutetium-based glasses with the composition xLu 2 O 3 : 20Li 2 O : (80-x)B 2 O 3 (where x = 5, 10 and 15 mol%) were prepared by conventional melt quenching method. According to our designed mix proportion, the appropriate amounts of analytical grade chemicals Lu 2 O 3 , Li 2 O 3 and H 3 BO 3 , were used as starting materials. The prepared mixture was mixed and ground using pestle and mortar. Batches of about 20 g of well-mixed chemicals were heated in high purity alumina crucible at 1500 °C for 3 h in an electrical furnace under ambient atmosphere. After melting, the homogeneous molten mixtures were quickly poured onto a preheated stainless steel mould. The quenched glass samples were subsequently annealed for 3 h at 500 °C and then cooled to room temperature. The transparent glass samples were fine polished to achieve good optical transparency and smooth surfaces to the dimensions of (W × D × H) 1.0 cm × 0.3 cm × 1.5 cm for further investigation. The chemical compositions of the prepared glasses are summarized in the Table 1 . The density of LuLB glasses have been investigated by applying the Archimedes' principle. The weights of the prepared glass samples were measured in air and xylene using a 4-digit sensitive microbalance (A&D, HR-200). Then, the density, ρ, was determined from the relation: Experimental setup. The experimental setup diagram of the narrow beam transmission is shown in Fig. 1 . The source systems were mounted on the adjustable stands. The platform is movable in the transverse direction to the incident beam for proper alignment with the help of a screw arrangement. The sample detector solid angle was < 0.5 × 10 -4 sr. The Cs 137 radioactive source of 15 mCi strength was given by the Office of Atom for Peace (OAP), Thailand. The incident and the transmitted gamma-rays intensities were determined for a fixed preset time using the 2″ × 2″ NaI(Tl) detector (BICRON model 2M2/2) having an energy resolution of 10.2% at 662 keV, with CANBERRA PMT base model 802-5. The statistical uncertainly was kept below 0.3% by choosing the maximum counting time (fixed present time at 3000 s), then 10 5 -10 6 counts were recorded in the full energy peak [16] . The dead time in this experiment was 0.73%-1.37%. The pulse shaping time is 0.5 µs. The optimum sample thickness in this experiment was suggested from published literature [17] [18] . The statistical error analysis was calculated from standard error of three parts (i) ray-sum measurement, (ii) density measurement, and (iii) thickness measurement. Finally, the total standard error was determined from total errors for the ray-sum, density and thickness measurement in quadrature [17] [18] . The measurements were repeated three times to improve the
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Traditional and Advanced Ceramics III statistical error. The spectra were recorded using by a CANBERRA (Accuspec NaI plus) PC-based multichannel analyzer card. More details about the experiment have been described in previous studies [15] . 
Results and Discussion
The experimental mass attenuation coefficients of prepared glasses with different Lu 2 O 3 concentration measured at 662 keV photon energy and theoretical value obtained from WinXCom are enlisted in Table 2 . It is clearly observed that the mass attenuation coefficients increased with increasing the Lu 2 O 3 concentration. Using the mass attenuation coefficients, the values of the effective atomic number (Z eff ) can be calculated. It is also seen that the experimental values of the effective atomic numbers are in good agreement with the theoretical values. Fig. 2(a) shows the comparison of the Z eff between experimental and theoretical values. From this figure, an increase in the Z eff with increase in composition of Lu 2 O 3 in glass samples because the higher cross sectional values. Due to the interaction of photon with materials influenced by the Z eff value and incoming photon energy. Hence, higher values of Z eff , the greater amount of gamma-ray intensity will be attenuated by the glass samples. The radiation effective parameter for use in radiation shielding materials is defined in terms of the HVL, which is the required thickness at which a shielding material will reduce the radiation to half. In this work, the HVL values of glasses at 662 keV have been determined using the linear attenuation coefficient (µ) data. For practical usage, it is required to compare the HVL value of the lutetium-based glasses to some standard shielding materials. The composition and densities of the standard shielding materials were obtained from literatures [4, 19] . It has been observed that the developed glass with 25% of Lu 2 O 3 content posses better shielding properties. These results are good indications that the Lu 2 O 3 -Li 2 O -B 2 O 3 glasses have high potential as radiation shielding materials. 
Conclusion
In this work, the lutetium-based glasses with the composition xLu 2 O 3 : 20Li 2 O : (80-x)B 2 O 3 (where x = 5, 10 and 15 mol%) have been prepared and determined their radiation shielding properties. The results can be concluded as follows:
• The values of the mass attenuation coefficients, effective atomic number and the effective electron density at 662 keV are linearly increased with higher Lu 2 O 3 concentration in glass samples. The experimental values of above mentioned parameters are good agreements with theoretical values.
• The lutetium-based glasses have the lowest HVL values than other radiation shielding materials. This study makes it clearly define that lutetium-based glasses can be beneficial to address an issue of radiation shielding material with lead-free advantage.
